deleted. The second approach has so far mainly been used with bacterial and fungal cells (18) and only to some extent with human cells, in the analysis of hereditable diseases related to transport defects (18) . Few studies have been made using transport mutants of plant cells (10, 19) .
No general agreement on the number and kind of different amino acid transport systems in plant cells has been reached so far, nor possibly-assuming species differences-can it be reached. A number of reports postulate that separate transport systems for neutral, acidic, and basic amino acids exist in a variety of plant cells or tissues (8, 13, 22) . On the other hand, the review of Reinhold and Kaplan (1 1) refers also to several reports favoring only one system. There is no doubt that the genetic approach would help to clarify the situation.
For Chlorella vulgaris three amino acid uptake systems have been postulated so far (Table I) : one for basic amino acids, one for proline, alanine, serine and glycine, and a general amino acid transport system for a number of neutral and acidic amino acids (2, 14, 15) .
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In the present paper, genetic evidence for the existence ofthese three systems will be presented. Furthermore, the existence of additional amino acid transport systems will be discussed.
MATERIALS AND METHODS
Plant Material. The strain of Chlorella vulgaris and the conditions for autotrophic culture were the same as described previously (16, 20) . For nitrogen starvation the cells were grown over night in a medium that differed from the normal growth medium only in the total lack of nitrogen as described in (15) . Preincubation with glucose or glucose/NH4 was performed by shaking the cells in 25 mm sodium-phosphate buffer (pH 6.0) (cell density: 50 ul packed cells ml-') at 27°C for 2 h in the presence of 13 mm D-glucose or 13 mM D-glucose plus 10 mM NH4Cl.
Chemicals. Chemicals were purchased from Merck (Darmstadt/FRG) unless otherwise indicated. Ethidium bromide, Lcanavanine, L-azetidine-2-carboxylic acid, pyrrole-2-carboxylic acid, N-methyl-L-leucine, and sarcosine were from Sigma (Munich/FRG); Thioazolidine-2-carboxylic acid was a gift from Dr. E. Komor (Universitiit Bayreuth/FRG). Acridine orange was purchased from Fluka (18) . Some have also been used in studies with plant cells (1, 6, 9, 17) . To employ them for selection of transport mutants, it is necessary that the corresponding analogs are toxic for the cells under investigation. To select mutants of Chlorella deficient in L-arginine and L-proline uptake, L-canavanine (for L-arginine) and five competitive inhibitors of proline uptake (pyrrole-2 carboxylic acid, L-azetidine-2-carboxylic acid, thioazolidine-2-carboxylic acid [1] , N-methyl-L-leucine, and sarcosine [N. Sauer, unpublished data]) were tested for toxicity. Growth of Chlorella cells on plates with minimal medium containing Dglucose and one of the analogs was followed over a 10-d period, and the results are listed in Table II . Complete inhibition of cell growth was attained only with L-canavanine and L-azetidine-2-carboxylic acid. These analogs were chosen for selection of mutants.
To see whether the mutant strains obtained by the treatment described under "Materials and Methods" were indeed defective in arginine or proline transport, uptake studies were carried out ( Fig. 1) .
The mutants exhibiting resistance to L-canavanine and loss of activity for the uptake of L-arginine were named AUP-and the mutants with resistance to L-azetidine-2-carboxylic acid, which had lost activity for the uptake of L-proline, were named PUP-. Double mutants resistant to both analogs and lacking the activities of both transport systems (AUP-PUP-) were isolated after mutagenization of Chlorella vulgaris AUP-and growth of these cells on minimal plates in the presence of L-azetidine-2-carboxylic acid. All mutants were found to be stable after growing them on plates without poison and replica-plating them on analogcontaining plates: so far no revertants have been detected. Uptake rates for D-glucose are always included in these figures; all the mutants remained fully inducible for hexose transport. For all mutants obtained (approximately 80 altogether) and tested, the resistance to either of the two amino acid analogs could be attributed to an almost complete loss of transport activity for the corresponding amino acid. Not only L-arginine and L-proline, but also the other amino acid substrates for each of the two transport systems were no longer taken up by the mutant strains (Table III) . Thus, L-lysine and L-histidine were not transported by mutants selected for resistance against Lcanavanine, and L-alanine, L-serine, and glycine were not transported by mutants selected for resistance against L-azetidine-2-carboxylic acid and pretreated for induction with glucose only (see also below). Each mutant was still fully active, however, in transporting the amino acids of the other system (Table III) .
The strong decrease in the uptake of L-histidine in AUP-was unexpected. In competition experiments reported earlier (2) , no inhibition of the uptake of L-arginine and L-lysine by L-histidine could be detected. The results from Tables III and IV, All other conditions were as described in "Materials and Methods". to these two amino acids, however, L-histidine is also a substrate of the general transport system (1 1; Table IV) .
As pointed out earlier (15) , there is evidence that the increased transport activities of the two systems observed either after treatment of the cells with 1-glucose or after nitrogen starvation are due to the same transport proteins. This was testable now using the transport negative mutants selected for by the amino acid analogs in the presence of glucose. In Figure 2 the initial uptake rates of the WT, and of AUP-and PUP-mutants after nitrogen starvation are compared. No increased transport due to nitrogen starvation was found for L-arginine in the AUP-mutant; neither was an increased rate for L-proline observed in the PUP-mutant. Again, both strains were still active in transporting amino acids by the other system (Fig. 2) . As described before(15), the hexose transport system is not induced by nitrogen starvation (Fig. 2) .
With the double mutant, it was also possible to distinguish clearly between these two amino acid transport systems, and a third one reported for Chlorella and called the general amino acid transport systems (14; see Table I ). This transport system is fully induced in the presence of glucose plus NH4+ or NO3- (14) . Although this transport system will have been induced under the selection regime described above (D>glucose and nitrate being present in sufficiently high concentrations on the plates) the specificity of the method used for selection will not have been affected, since neither L-canavanine nor L-azetidine-2-carboxylic acid is a substrate for the general amino acid transport system (data not shown). The double mutant AUP-PUP-, therefore, should still be able to express the general transport system. If this were the case, a clear separation of the activities of the three amino acid transport systems described so far for C. vulgaris (2, 14) should be possible.
In Table IV , the uptake rates of the double mutant after treatment with 1-glucose (induction of the arginine and the proline system in the WT strain) and after treatment with 1-glucose/NH4' (induction of the arginine, the proline, and the general system in the WT strain) are compared. Only amino acids transported by the general transport system would be expected to show a clear increase in the rate of uptake by the double-mutants after D-glucose/NH4' treatment. The data confirm the results obtained in competition experiments (14) . The basic amino acids L-arginine and L-lysine are not transported by the general system. The increased rate of uptake of these two amino acids after pretreatment of the cells with glucose plus ammonia as compared to pretreatment with glucose only (compare WT data of column 2 with 4 of Table IV), must therefore be due to some stimulatory effect of NH4+ on the basic amino acid transport system. On the other hand, it was concluded previously that the amino acids L-alanine, L-serine, and glycine are transported by the proline transport system of Chlorella and, with similar rates, also by the general amino acid transport system (14) . This is confirmed clearly now with the double mutant (Table IV) .
In addition to these three amino acids, asparagine, glutamine, glutamic acid, cysteine, histidine, methionine, and leucine are also taken up by the general amino acid transport system. Also the uptake of proline, which was thought to be catalyzed only by the proline-system, is higher in the double mutant after Dglucose/NH4' treatment than after treatment with )-glucose alone. Thus, proline is most probably also transported, but to a smaller extent, by the general amino acid transport system. Because of the rather small increase in uptake rates this cannot be so clearly stated for aspartic acid, threonine, tyrosine, and valine; it seems unlikely, however, that tryptophan, phenylalanine, and isoleucine are taken up by the general amino acid DISCUSSION Chlorella vulgaris can use most amino acids as sole nitrogen source when growing in light (3, 4) . The data presented here show that it possesses at least three different amino acid transport systems, which are most convincingly distinguished using the transport mutants obtained. Whereas the activity of the general amino acid uptake system (14) generally increases more than 20-fold when the cells are pretreated with glucose plus ammonia (Table IV) , there still remain seven amino acids (L-aspartic acid, L-threonine, L-isoleucine, L-valine, as well as the aromatic amino acids) whose uptake increases little or not at all. The same is true for L-arginine and L-lysine, but these are transported by the relatively specific arginine system. Since the seven amino acids mentioned above are taken up by the cells, additional transport systems have to be postulated. Saturable transport of aromatic amino acids in Chlorella has indeed been reported before (12, 21) , and kinetic evidence for several fairly specific amino acid transport systems has been recently obtained (E. Komor, personal communication). It is hoped that further studies with mutants will clarify this point.
Since the genetic approach should also be possible with at least some higher plant cells in culture, comparisons between lower and higher plants might be more valid, if genetic evidence for three (or more) systems in higher plants becomes available. The specificity pattern for amino acid uptake of Chlorella also does not seem to resemble that of Saccharomyces cerevisiae (5) nor that ofmammalian cells (7); this may not be true for the transport systems responsible for the fairly low, basic rates of amino acid uptake in uninduced cells. The induced rates of uptake (per ml packed cells or g fresh weight), for the various amino acids in Chlorella are generally about a factor of 10 higher compared with those of higher plant tissue culture cells (22) . This might simply be due to the more favorable cell surface to cell mass ratio in Chlorella.
Since at least three different transport systems (two for amino acids and one for hexose) are induced in Chlorella by treating the cells with glucose (2), it is uncertain at the moment whether the previously reported additional membrane protein (16) is indeed the one responsible for hexose transport. The mutants defective in the other two glucose-inducible transport systems described here will prove useful in identifying the corresponding transport proteins.
